The pressure connected with cost cutting parallel to an increase in consumer service quality as well as speeding up the flow of goods are the result of a worldwide economy trend connected with big competition in the market. That is why in modern economy even small movements of goods at short distances are becoming more and more important. The order picking problems in a warehouse are an important aspect in improving the productivity of modern logistic hubs. According to various estimates, the costs associated with order picking in a warehouse are from 55 to 65% of the total material handling costs. The author, using simulation tools, examines the influence of order picking zone's configuration on the time of the order picking process. By means of the implemented simulation methods, it is possible to match the appropriate order picking process to the needs of a given enterprise.
Introduction
In standard solutions, concerning products flow through supply chains, the main attention is given to transfer processes and stocks at the points of stop on the way; that is warehouses, logistic centers, terminals or distribution centers. Solutions connected to transfer processes concern, most of all, transportation issues, in which basic factors are the time and the quantity of transferred loads. Whereas, as far as points of stop are concerned, attention is given to the amount of stocks accumulated there. There is little or none interest in consolidation operations and proper load storage and distribution in abovementioned points. Meanwhile, a thorough observation of activities which create flows in supply chains, especially in supplies within a big distance, indicates that an inappropriate control of flows, inaccuracy in creating overall loads, lack of coordination while creating shipment sets can have a negative impact on the speed of transport operations and significantly lower the effectiveness of supply chains operations.
Various research studies which have been carried out in different research institutes show that more attention should be given to operations, in logistic hubs, connected with goods flow. In a modern logistic system, every materials' manipulation is verified at the stage of planning. Even small transfers of goods start to play an important role. These transfers take place in the premises of a building (warehouse, production facility), and between the object and transport agent. The aim of the paper is to describe how different factors can influence the main important process in a logistics hub -the order picking process.
Order picking as a research subject
The order picking process is not defined in a unified and consistent way. Ghiani [2004] states that order picking is a system of operational and organizational logistic activities. It is based on a juxtaposition of given subsets (articles) from a complete set (assortment), on the basis of demand information in the form of an order. At the same time, the state of material storage changes into the state of material shipment. According to Petersen, Aase, Heiser [2004] order picking is searching for and picking up, in storage areas of a logistic hub, given products which are on the order list placed by clients, and in agreement with their requirements. In the author's opinion order picking is a notion which treats products flow through logistic hubs in a complex manner. It includes operational activities (picking) and informational, such as: documents and information flow, giving instructions. It also contains a legal liability for performed actions.
Order picking is the most labour-intensive process, which, according to different research studies, constitutes 55% [Frazelle, Apple 1994 ] to 65% [Coyle, Bardi, Langley 2002] of all the operational costs incurred in logistic hubs. Due to the results of those research studies, the issue of order picking system improvement became significant in scientific papers and theories, as well as practical projects, which aim at improving the effectiveness of the process and cutting costs at the same time.
There are many different order picking systems in logistic hubs. A human element is the main factor with respect to which a given system can be classified (see Figure 1) .
Order picking systems employing humans, that is those where a human being is the most important element, with its most popular example: "picker to a part", because of their universality, are the most important topics described in this paper. They owe their popularity to some economical reasons, i.e. lower costs of implementation and the fact that, unlike automatized strategies AS/RS type, they work well when there is a need to pick products with different shapes and sizes.
On the basis of the research carried out in the warehouses of logistic operators in Germany, results were obtained, showing the percentage share of given times in the total time of order picking (see Table 1 ).
As shown in Table 1 , the dominating element of the order picking process is route time which constitutes 50% of order picking total time. It is no wonder that scientists and logistic practitioners focus their attention on issues connected with the minimization of time needed for covering a given route between the points of order taking, products picking and release [Kłodawski, Jacyna 2009] . Among many algorithms which try to solve the problem of the minimization of the order picking route, the most popular are heuristics algorithms, such as S-shape, Return, Largestgap, Midpoint, Combined (a detailed description can be found in the paper by De Koster, Le-Duc, Roodberger [2007] ) and algorithms with accurate solutions [see Ratliff, Rosenthal 1983] , which have a lot of limitations when put in practice. Additional issues which are studied in terms of order picking are storage policies. This term denotes a strategy, proper for a given enterprise, of assigning products to storage places in warehouse space. There are two basic questions here: technical and management. The first looks for an answer what techniques and tools should be used in order to provide best possible conditions for storing a product, at the same time, using the allotted warehouse space to the utmost. The second question focuses on the application of a correct organizational strategy which will allow storing a given product in a way that enables a warehouseman to find it quickly and cheaply with the improvement of order completion quality. Among management strategies used while choosing a products storage method, there are two approaches which deserve special attention. First -randomly storage policy can minimize the time needed for storing a given good; however, many a time it results in prolonging the time of the order picking process. In this approach t products are stored in a warehouse area where there is a place and space for it at a given time. The worker, taking products to a warehouse, puts them in a location chosen at random following the rule of closest open location) [De Koster, Le-Duc, Roodberger 2007] . The second strategy, which is called assign storage policy, assigns products to some specific locations which can be distinguished taking into consideration many factors, but the most crucial is the one which introduces a simple rule: products with the fastest rotation times should be located as close as possible to the points of release so as to minimize work needed for their picking [see Kłodawski, Jacyna 2009; Frazelle, Apple 1994] . In this case, the most popular is ABC classification and laying out the products according to the rule of volume-based storage (see [De Koster, Le-Duc, Roodberger 2007] ).
The third point which is analyzed in many scientific papers is a way in which work is organized while order picking (it is thoroughly described in works by Gibson, Sharp [1992] and Gademann, Van den Berg, Van der Hoff [2001] , among others).
There is relatively little research concerning factors which should be taken into account at the stage of order picking system planning. The choice of an appropriate layout of an order picking zone is one of such factors. It is worth mentioning that a detailed analysis of all the activities done by a worker while setting and forming orders, taking into consideration some factors which appear at the stage of order picking system planning, allows us to fully evaluate the efficiency of order picking.
Research description
Four real order picking zones which may be possibly used by a logistic operator were analyzed. Some assumptions were made on the basis of literature analysis and the author's practical observations and experiences. The variables examined in the paper are different ways of movement in a warehouse, products storage policies, the size of the order picking zone and the number of products in an order. The parameters of a forklift truck, used for order picking, the total number of pallets stored in a given zone as well as alpha and beta parameters taken into account in products division in ABC classification are fixed.
In order to set a route in an order picking zone, basic and most commonly used in practice heuristics methods and Ratliff Rosenthal's optimal algorithm were assumed. The allocation of products was presented according to the random storage rules and methods which employ ABC classification in products division according to picking frequency volume-based storage (within-aisle storage, across-aisle storage, perimeter storage and diagonal storage). The idea of storage police is described by De Koster, Le-Duc, Roodberger [2007, pp. 481-501] .
The number of products in an order fluctuates and equals a multiple of five. The smallest orders have 5 items and the biggest -30 (this assumption makes the calculations easier, at the same time considering a big range of order picking items).
In the research four configurations of an order picking zone are considered. All of them are built according to a similar outline which is very typical of many logistic hubs (see Figure 2) . The choice of such configurations results from the fact that it is possible for them, using Rattliff and Rosenthal's algorithm, to set an optimal route. The configuration of order picking zones 1 and 3 consists of storage products places called rows in which loads are stored on pallets without the use of pallet racks. The second and fourth layout uses row-pallet racks which consists of modules popularly called nests (see Figure 3) . Every pallet place is treated as a single location in the order picking zone. Number of pallet rows 12
Number of pallets in a row 100
Number of side passages 6
Number of main passages 2
Source: own elaboration. Number of europallets 1200
Number of rack rows 12
Number of storage levels in a rack 2 (level 0, level 1)
Number of pallets at every rack's level 50
Number of main passages 2
Source: own elaboration. Table 4 . Input data of zone 3 configuration
Configuration 3
Number of europallets 1200
Number of pallet rows 24
Number of pallets in a row 50
Number of side passages 12
Number of rack rows 10
Number of storage levels in a rack 3 (level 0, level 1, level 2)
Number of pallets at every row's level 40
Number of side passages 5
Number of main passages 2
Source: own elaboration.
No matter if products are stored on racks or directly on the floor, pallets are put in rows, one next to another, connected with longer sides. A detailed description of used order picking zone configurations is included in Tables 2-5. The width of side passages which separate pallet rows are the same for every configuration of the order picking zone and they are 2.2 meter. Main passages have width of 3.4 meter and their length depends on the number of rows in a studied example.
In the research, the author used forklift truck work norms which were published by Fijałkowski [2003] and own calculations which were done for the sake of this experiment. While volume-based storage rules are used, classification ABC is employed. Its parameters are treated, as it is applied in subject literature, as model ones (parameter alpha equals 20% beta is 80% of the examined quality).
In group A there are products which constitute 20% of the assortment and they generate 80% of picking. In group B there are products which constitute 30% of the assortment and generate 15% of picking. Group C is represented by the remaining 50% part of the assortment, and picking constitutes only 5%. Applied parameters are pre-arranged and are not verified during the research (see Table 7 ). When random storage policy is used, the likelihood of picking every product, regardless of storage area in the order picking zone, is the same.
Research results
The research was carried out in a simulation manner by means of a simulation tool dedicated to it and written in the C++ technology. As many as1000 replications were done, in which one replication included one working day in a warehouse. The orders were generated stochastically from a unified schedule. With the storage rules based on ABC classification, probability is different for every class (see Table 7 ), for random storage probability is the same for every picking place. Times of orders flow to a logistic hub are stochastic as well .
The objective of the research is to determine the influence of the order picking zone on the time of order completion in a logistic hub. Table 8 shows average order picking times for four studied configurations of the order picking zone. Comparing the examined order picking zones (see Table 8 ), we can observe that the average order picking time for the first configuration is over 42% worse than in the fourth configuration. With the small number of products in an order the differences are even bigger and they can equal 59%.
Symbols m1, m2, m3 and m4 in Figures 4-9 denote an examined order picking zone configuration in the order: first, second, third and fourth, respectively.
Significant differences can be observed in order completion in a logistic hub when different order picking zone configurations are used. The differences are visible between the examined variants as well as in their scope. The choice of a wrong storage rule and movement through the order picking zone has great importance in configuration 1 and 3. The difference in the average order completion time between the best and the worst order picking rule is over 50%.
The lack of pallet racks is a distinctive feature of the first and third configuration. Pallets are stored in rows on the floor. Taking into account the width and length of their area, they are the biggest. Big storage area results in the fact that a fork lift truck has to cover long distances, which extends order completion time. In configuration 1 there are the longest side passages between the rows. There is no possibility to change one passage into another quickly. In configuration 1, a very popular movement method in practice, s-shape gives really bad results. Building an order picking zone with long side aisles is ineffective in practice. That is why the order picking areas have to be designed in a way which allows workers to often change passages next to which products are stored. The choice of an order picking zone layout depends on many factors, among which the most important are: the type of a fork lift truck used for order picking, number of products in an order and order picking methods applied in a given logistic hub. Figures 4-9 show that the choice of the order picking zone layout has a significant influence on the order completion time. In the figures, order picking zone layouts are marked with symbols m1, m2, m3, m4. Order picking zone configuration is one of the most important question in the choice of the order picking process in a warehouse. Decision problems regarding an efficient order picking process include mainly five factors: routing, storage, batching, zoning and order release mode. All these factors should be related to one another.
Conclusions
The choice of an inappropriate order picking zone configuration results in the fact that even when the best storage and movement methods are applied, it is difficult to improve the efficiency of the order completion process in a logistic hub. As a result, some conclusions can be drawn that a decision concerning the choice of the appropriate layout of an order picking zone should be preceded by many analyses. Its importance for a company is strategic for customer service improvement. The role of the diagnosis of the present and future expectations for an order picking system has a key role in the subsequent management of the order picking process.
The implementation of simulation programs allows us to check different order picking variants. We are also able to choose the variants which are the best in a given situation. Simulation methods help to make decisions, when it comes to designing, management and execution of different activities in a warehouse. The computer program, which was created, allows examining and considering different order picking variants for different warehouses in different conditions.
